Material and methods

Participating herds and dairy cows
The trial was conducted on five commercial dairy farms in the northern part of the Netherlands (see Table 1 ). All herds participated in biannual routine claw trimming programmes and started their participation in the trial over time. Cows were selected based on regular visits by the claw trimmer. A next planned regular claw trimming was the starting day per herd. Selection criteria for participation of dairy farms were as follows: BDD prevalence >20 to 25 per cent, as assessed during regular previous claw trimming; herd size over 90 lactating dairy cows; free stall with slatted floors and dairy cows of the Holstein-Friesian breed. All lactating cows with M2 BDD lesions (M2) in their hindfeet at one of these regular claw trimming visits were included in the trial.
Study design and treatments
The trial was designed as a case-control study in which treatment with IHF was compared with treatment with CTC, which is an officially registered product, and this was treated as a positive control. A positive control was chosen for animal welfare reasons as not to deny animals treatment of the painful M2 stage of BDD. All BDD lesions were dry cleaned, macroscopically classified and recorded at D0 and 
Discussion
Individual topical treatment with antibiotics is the most commonly reported method to treat BDD (Laven and Logue 2007) . This is widely accepted as the treatment of choice because it is generally accepted as effective and there is a lack of scientific information on the efficacy of non-antibiotic preparations. Topical treatment has the advantage of limited antibiotic usage and it also fulfils the requirements of legislation. However, alternatives for all antibiotic treatments are desirable, because of reasons of possible development of antibiotic resistance and environmental pollution (Tacconelli 2010) . In the UK, Pastell and others (2010) found no relationship between lameness and the presence of BDD. In that study, however, BDD was not classified based on the stage of infection. Laven and Hunt (2002) evaluated the effect of two topical antibiotic sprays (with valnemulin and lincomycin) in the treatment of BDD. At D14, a significant reduction in lesion score for both treatment groups was found with cure rates of 28 and 40 per cent. Laven (2006) studied the efficacy of two antibiotics, cefquinome applied parenterally for three days and for five days and erythromycin applied parenterally by injection once. He also compared the results with erythromycin in a walk-through footbath. Only M2 BDD lesions were included in that study. The results of all treatments were comparable with the erythromycin footbath application; only the five-day application of cefquinome had a significantly better result. Unfortunately, the best strategy (five days application) is not only expensive, but also has a higher risk of development of resistance against modern antibiotics, by the increased use of a third-generation cephalosporine. Therefore, this strategy is less desirable. Recently, Potter and Burnell (2010) compared the curative effect of a copper/zinc and aloe vera gel as treatment of M2 BDD lesions, with an antibiotic powder (tylosin tatrate) on 41 foots. At D7, a lesion surface area reduction of 74 per cent was found after treatment with the gel while the antibiotic treatment gave a 48 per cent reduction. The copper/zinc gel used in that study is comparable with the gel used in our study and the results are in line with this study. In the USA, Britt and others (1996) studied the efficacy of three topical sprays (oxytetracycline, acidified ionised copper solution and acidified sodium chlorite solution) on lameness three weeks after treatment. Mean lameness score decreased (that is, cows were less lame) for all three treatment groups but increased for the control group. Berry and others (1999) D28. Classification of BDD was performed according to a standardised scoring system comprising five stages (M0 to M4) as developed by Döpfer and others (1997) . According to this scoring system, M0 is recorded for feet with normal digital skin where BDD is absent during macroscopic inspection; M1 is the early-stage lesion (0 to 2 cm) that is not painful; M2 is the classical ulcerative stage with a diameter >2 cm that is often painful upon touch; M3 is the healing stage when the lesion is covered by a scab and M4 is the chronic stage characterised by dyskeratosis or proliferation of the surface that is generally not painful. M2 is the most infectious stage (Mumba and others 1999) . If different stages of BDD were present, the leg was typed according to the most prominent stage of the lesion. Besides scoring of the lesions, attention was paid to the presence of adverse or side effects with specific attention for redness and swelling of the treated skin. On D0, the first M2 lesion found in a herd was assigned as treatment group A or B by flipping a coin. Subsequent lesions were alternately assigned to group A or B.
In group A, 5 g of IHF was applied with a brush. The lesion was then covered with cotton wool and held in place by an elastic bandage (CoRip Flexible Cohesive Bandage GB 11). On D3 and D7, again approximately 5 g of IHF was applied by use of a brush, but without a bandage (see time frame, Fig 1) . In group B, CTC was applied by spraying twice for three seconds from 15 to 20 cm distance with 30 seconds in-between treatments. This treatment was, accordingly the prescription of the producers,repeated at days 1 and 2. All scores, recordings and treatments were performed in a trimming chute by the same veterinarian (MvB). All hindlegs with M2 lesions were photographed at D0 and D28 for objective evaluation afterwards. No walk-through footbaths or other treatments were applied in the last three weeks before the start of and during the trial period. For reasons of practical feasibility, performance in regular herds and for financial reasons, no further histopathological investigation of the lesions was performed. Daily evaluations were performed by the dairy farmer for the presence of painful lesions. In case of necessary extra treatments, these were always executed with CTC (the registered product). These lesions were not followed up any further and were considered not to be cured. Cows that were treated for other reasons during the trial (eg, mastitis) were excluded.
Statistical analysis
The experimental unit was a hindleg with an M2 BDD lesion. Cure was defined as the transition of M2 BDD into a healed (M0) or nonpainful chronic stage (M4) at D28. The sample size was calculated to detect a 10 per cent difference between the cure rate of CTC (80 per Based on these assumptions, a sample size of 300 hindlegs with M2 lesions in each group was needed. A Kruskal-Wallis test was used for comparison of the different treatment groups for parity, days in milk and milk yield, where the results might be influenced by these criteria (Holzhauer and others 2006) .
A two-sample, two-sided proportion test was used to compare the cure rate of IHF with CTC. Data were analysed in STATA/SE 10.0 comparing the proportions of cured M2 lesions, 28 days after the initial treatment, in cows treated with IHF or CTC. Finally, a Fisher exact test was used to evaluate the transitions from M2 to M0 at D7 for the different treatment groups and a proportion test was used to evaluate the transitions from M2 to M0 at D21 and D28 for the different treatment groups (p-value <0.05).
Results
In total, 205 hindfeet (divided over 172 cows) were treated, 103 with IHF and 102 with CTC. Because the outcomes of the comparison differed considerably from the assumptions, these were less than the (2000) compared the efficacy of a topical treatment with oxytetracycline solution with the efficacy of a product containing reduced soluble copper and a peroxide compound with increased levels of cationic agent, among 78 dairy cows with M2 BDD. Based on the lesion scores at D28, the copper product appeared most effective for the treatment of BDD. The too low efficacy of the oxytetracycline solution (only 20 per cent cure at D28) was hypothesised by them to be an indication of possible antibiotic resistance. Moore and others (2001) studied the efficacy of treating M2 BBD with a non-antimicrobial cream (soluble copper with peroxide and a cationic agent) in comparison with a lincomycin HCl paste and a negative control group in 98 cows. At D28, the percentage of healed lesions for the different therapies was 45.5, 64.5 and 21.9 per cent and the RR of cure compared with no treatment was 2.08 and 2.95. In a recent study in the USA (Berry and others 2010) , the efficacy of lincomycin and oxytetracycline for topical treatment of BDD was examined via gross visual examination, histological evaluation and bacteriologic evaluation in 25 dairy cows with ulcerative BDD. No difference between responses to lincomycin and oxytetracycline were found (73 and 68 per cent, respectively). In most studies on topical antibiotic treatments, cure rates at D30 around 60 to 70 per cent are found, except in the study of Shearer and Hernandez (2000) . Data in the present study indicated that the curative effect of IHF at D28 after the start of treatment was 92 per cent, which is better than antibiotic treatment in other studies (Table 2) . Table 3 gives a more detailed insight and it shows that (for IHF) at D7 all lesions were cured (≠M2), but at a later stage some M2 lesions re-occur, where it is not clear if it is reinfection or reoccurrence of a non-healed lesion. The curative effect of topical application of CTC in the present study was in line with cure rates of antibiotics applied topically on BDD lesions in other studies. Thus, the application of IHF seems to be a good alternative for antibiotic treatment of M2 BDD lesions. Although copper and zinc are considered to be toxic for the environment, copper/zinc pollution seems to be limited due to a limited number of individual cows per herd and the amount of gel applied (<5 g) and is expected to have a very limited influence on the environment. In conclusion, the use of topical IHF gel under a bandage at D0 and additional application at D4 and D7 (without bandage) were effective for the treatment of the M2 stage of BDD and were significantly better than three consecutive days of topical treatment with CTC.
